
TaKnM o6pa3oM MrI npHBenll ctcreMy AeBqroao nopsAKa K
lIeHUIo Tpex cIiCTeM lpelbeto nopeAKa, qTo 3HaqHTerlbHO O6n
Il ycKoprT perlleHue. tlpn gToM MoxHo rcnoJlb3oBaTb Marryro
rr{crmenbByo TexrlrKy.
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floJlLHoIo npeAcTaBIeHHt noTclrlrHa,Ia tl cQepnqecKfix rpyHl(Unil
MaKcBenny B reole3tiH, B rracr8ocrr.r a reopuu 4r-rrypu 31u,ln. I

o6ycnosneHo re, qro, Bbrpaxarr rpaBuraqrroHr{6rfi noreH{nar

Br,rAe psAa noreHqfianoB Mynbrrnorefi pa3rHqH6rx noprnKoB >l
MoxHo 4ar6 vAo6Hoe {pu3uqecKoe HcrorKoBaHue KaxAoMy q
'raKoro pa3noxeHHr, no3Borerorqee npuATn x fiel(oropbrM 0606
HbrM npeacraB,leHrrM o cTpyKType Tera. co3narcntefo n3yqa
noreHquai'r. TaK, HanpHlvep, M. Hotin, roBopr o 3HaqeHtu My
nonet, nolqepxnBaeT BaxHocTb tx <TeopeTuqecxolo tcIoJI
HMr^xaK yxa3aHfle npxpoAH rapMoHltK/ ([5] crp. 179).
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,1,re nopexo,(a or norcrrquana (1) x 6opne (2) Haao 3rIaTh Mo
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itro Han6oJee BHrolurLI\r npx Haxox,qcHIl, nortlocoB Il rIoNIeHTor

ct,cn.t\er xoi: dy|LL.r )rB, 'r.r' . o s lll!u\'). lc c! l, L'll e MC_

,cj,r,ru -r'-b i A.I'tnur' q\oBd 14l. ( ( rr':r:60,1P( Ipocrot rp pa-

6orc c 3lIBl1.
B ll onh.i, br 3 'r'ru I'r'ru \ I'oDqn\on I ]'1e-

^r., ri p1o.o ,:y 6,rr,r. eropor' txB'n,'r ronL) Jxe' .de Mt'r

".rr||oo'l' r r.r Bl 'i '. l.l llrl e!Pllu oKfdno ,l lc "'lu {vynb_
Mllo!'rq rDeTrrcro noPtlxa) -
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TaKIM o6pa3oM, oKranon-r xapaKrepu3yercr MoMeHroM /l4r ,r

HarrpaBreHrs\rH ocelr h!, h2, lh, IloTeHquan oxTafionr % paBeH

,, M. a! /l\
' g A\dh.ah'\rl'

a npx6,l XeHfiaq ero CTpyllTvpa npelcTaB,[eHa Ha pl'tcyHKe.
3. KaK u3BecrHo, cM, Hanp, [1, 4], orlrcxarrre crcreNrbr ocei

noJ ocoB oKTano!'rr rpe6yeT petreHfi r anre6pauqecxoro ypaBHeH!rt
cTeneHu 2r, 3KBnBa!'IeHTHOIO CliCTeNle

23(1,1,():01.
t,+f+1,:0)

rae 4(.C. \, O coorBercrByer uapoBofi ipyrr(qux rperbero

h(r, 8, tt):.3yr|ft, ).).

C,1e,4oBare,'rbfio, ao peuJe nr cucrelrLr (5) rryrcro caeJrar6 ne-
pexoA or cQepftqecxofr <pyuxuru 13 ( napoRoii 23. OAHaxo 06bea
HuM nocJreAnee c pcuerrneM cncTeMbr (5). 3ar,AcaB 23 B pa3BepHy
IOM BUAE

2,1r,0,4 -,. fc.,.] 15cos3s L3costl.,+" l *8'
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+ C., " fsrn 0 r 5srn 30)cos r+S,. : (srn s r 5sln30) slfl i.+-8 8

15 15
+ Cd?. " (cos 0-cos 30) cos 2) -a S,,'" (cos 0 -.os 3$) srn 2I +.44

+ C., 
I5 (3 stn $ - stn 3$) cos 3r +-4

tq+s. '-u f3 srn $ - srn 3s) stn Jr l lM o", (7)'-4 
J

cner'raB nepcxor ro r'r3Becrrbrrr QopMy,,IaM or cQepft.reclixx xoopAfi-
trar r, S, i, x npqMoyro,lLHbrM rj y, ?, 3arreHr'rB nocneaHue Ha €, q,
( Ii y'Irfl (5), no'lylaeM

5ca0 (3 + 15 Ca1 l('z + 15 S,, ri,'z * 30 C. ( (Er - 1'z) + 6053,1'1C +
+ 120 ca3 F + 90 c,l l('- 90 S.' 1(3 - 120 S,' 13 : 0. (8)

Aar npuBeaenun BbrpaxeHrrs (8) K anre6pauqecKoMy ypaBHe
Huro R2n creneHt 2t:6 Bocnorr,3yeMct aaruenoii [2]:

. 1-u' 2uE ---:^z; 't:--1ri l: l1)i l-V1, (9)t+u' r+u'
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koroparr rpeo6pa3yer (8) E anre6patqec(oe ypaBnerllre uecrofi
cTeneHu Buaa

aauo + atus+ a2u4 +qu3 + ata2+ a.u + ai:0. (10)

Eao Ko90qrfiq{eHT6t cyr! KoNnJreKcHbre qucna:

rac -.440: I4o:3 C:r_6 Cc N6:.\r0:6C3r_Ca0
,Y.:,1t, - 365r.-6.S, -ii:I'r.: -24Sgz, M.: M t:3C 31+90Ce r,r1:I'':- (3Cad+30Ca)

,443:_ ( 12Sn{ t20S*) N3:u

oo-Mo+iI'0 aJ= Mr+iNr oe ./4orivo 
IaF MFi\'t o,. l4a:) iN: I,az:Mz*iNz as:MrliNs l

Cro:2,565 106' l
C:r:1.847.t0 . S.,:o,z,ts. Io ' I
Cr:0,286.10 9 S3,: 0,i74.10 6 

|
Cs:0,092.i0 6 S$:0,199.10-6- J

(ll)

l. ,',,
l

Oopny,rn (ll) lr (12) rBnrrofcrl r{cxoAHtr]ru &,rr onpeAenenHt
Ko3OqluuucHroB ypasuenrrn (10) luecroii c.renerrH. A"'ra Irx rro,ry-
!errsr 6br.,ro r{cfloJrb3oBaHo 86rpa)KeHxe coepnqec(oii Qy[Kqr rpcTbero noprA(a o6ulero BrAa. noerorr): Ko3orl UHeHrbt coepuqc
c(oii dryHi(u n C"",, S"",, 4rrryprrpyrorqfie R 3.fnx BHpa:ncHnrx.
Mory'r r{rrerb ,qroSbre 3HaqeH[r- B noc.telyroqe\r rroA HlrMu noHrr-
Maro,cfl rapn or{llltu rpasrrraunoHnoro noaq 3e ,ru, Bsarb]e rro
<CraHAaprHoir 3cr1ne I,, (1966 r.):

(13)

Bce B6t,IIIc,lenIIs Be.nttcb Ha 3ncnTpoflrroBr,rrll{c",iIITe,!brroii nla-
u'rr c .\1 14". [.' r ia.'o.^rcrj,rq hopHeii !padlpl " u.croti c .n.
filt ucrorrb3oBarracb craraap'rHer npbrpa\rrra <<Br,rqrrcxelrre l.opHefi
IIonlIHoIIa \leToAorl r\lio.q,lepa>. flocnc cqera nonyqeHo rxecr! i(oM
nreKcnbrx l(opHe6 (HepaBHbrx II Hcconpqx.]rrrrbrx) .

3arcN1, npt paccllorperxlr .'rnrerirrbrx Oopn 4E+-84+C(:0 B

coo'rBercrB n c [4], onpeAenrnucb gc,'Ix,iuubr ,4, B, C. nponopuuo'
IIarbH!rc rranpaBnqronrnrr (oc Hycalr oceir c0epri.recxoir qynxqufi.
floc,ne su,lrc,resnir yc'farroB.{cHo, qTo a!'rl oxrano,rr 3err,ru yxa
3aHubre rFopN{br cneAyror xs AerepnrnnaHra

l€n(At+B,t+ct-l ";+ t\t a:,+ i?:' i
l_ dr + rPr _c2+ iF. t

:0, (14)

(t5)
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d u' Irb'q crerrLLre rHaqFIre oa oro x1 hop;ei )paBtreHlrq fle-
reHri 2r. B (14) o n & c oAHuM urrpnxoNr cborBeiirBylor oAHoi
o6pa3]IolqeiA, a c AByMr - rpyroi?, noropbre onpeAer;lor nuHert-
Hyro fopv). flapLr_l\{Hrnb\ o^pa-)oLul]\. .roJly,raeuLrx nyr,,4 ne-
pcoopa peueH r (rbr, coorBcrc'8,\ro1 xah prI cr),raro 16). yxa_
Jaqqo!,) B l4l. rdK xar nocnF y\ ,o)he j|lr Bpll{.rH o+tF. !n, o.D-
HOII t3 lrfix, Ila NIliHyc eax qy,3T fiaptl cTaHoBtTct KoMnr,IeKc-
uo-conptxerrHbIMIl.

Hai!,tr A, B, C n HopM pyfl,4€+Bt+C(,
qnTb HanpaBnsrcnlfle ftocfifiycbl oceI o(.fano,'Ig,
qecxHe xooparHaTbr (0, i,) ero no,'r6coB

Az+B'+C'.:r'+1;
ABC/]-,i oe ,a: -,
PFP

[lO>!{HO 3aTeN1 nor'Iy-
a sHaqrr lt c(peplf-

( 16)

l17l

( l8)

( te)

r!e a, b, c - HanpaB.rrrclque KocuHycbr ocet OKranoJrr r,
_' 4:COSa

D: COs p

c: cos T - cos $

tgI:9,

u.flu, ** - lru,t,, r *,t,,+n,t,,,] (20)

(<r, F, f - yr,rbr, o6pa3yeMLle ocbro tlynxqfin c xoopAlHarHlrMlr
ocrMh; O - no.,rrpHoe paccroqHue no"rrcca cQep']qecKofi QyHKquu,l, - aonrora).

B pcaynb,are Bbrquc,!eHui nonvqerrbr creAyrcrque rxecrb nap
3HaqeHn[ xoopAulrar nonrocoB O, ,, oIrTaroj]r 3eMnt fi AuaMer-
panbrro npoTxBo[oJloxnblx foqeK, u3 KoropLlx c,leAyeT Br,roparb
rprr, qro6L! ycrpaHr,rTb rreoAHo3rraqrrocrb peuaeMoii 3aAaqH (cOe-
pfiqecxar QyH[urr rperbero nopqa(a unreer rpu no,ntoca):

.\bo
l 12f22"2. 108.25',3
2 30"23"2 115.25"8- 3 7f53"6 2t"l4"l
4 143"i}',.8 295'25'.8
5 58'37'.8 288'25"3,
6 108"06"4 201'14"1

4, B6rqHc"lnM NloMerrr o(Tanorq, IIo ocHoBlroilr QopMy,le MaKc-
Be,ua ctlepnqecKar rFyH(qrr rperbero noprqKa fipeAcraBJrqerct
B BU,'re nporr3BeaeHnr aeyx coNlHoxirre,reijr [3,6]

tlna
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aae u o6ulcM cryqae

p._cu. I. o\,r, s.niJ..i. r,,ioct, ,,)l
lr , o. .., o. .n,t., tr)l

(O I 1, o3rralaror r(ooflnHa.rrrr r.cxyr4ci.i j.orrlini {} rr L c rirrjrcKcaMrr
o3rrariaror (oouunarl,t flontoco! cqrepn,recJ(oir qryutqxr)

,{rr onpeAc.renrl'r itoMcrna M3 : tl 
oo,uu.."u" N. (yNc :rrarr

N.
J{ooarhrr Lr 'f\ '.u il) np (.r ' w- o r(o Kl
fy,4o-:n. " L,",, rl,jt. t, \ul)t,, .oth) Ia c,B, l..o\t .o,..o.,, jrftlr'= Ul h nr ., ,r.\ il ,/. DLt r.,.r.t y.. r,, r,1,,_o
QopM,v",rt' (2). Cparrrrrraa \2) | (21), ro_qyqaen c,renyrcqee Br,r
pa)Kenne Arr onpcac"tentr nlot{cnra or.ranoJl't

t

i

I

M.) (23)

fIoAcTaR.,rr lc,leIrHLle 3lraqcl tr I (23), rraxo4rru rrorl!eHr orr,|a-

. .4{3:0,11281.lon n6. celi ,.

Cor.'raclro lcop|ll rroueur cqreftiqecKoit qr),xl{[xx jloJrxeH 6brrh
noJro)!ri'fe.ncrr [], 21, no:rouy rpu lr,r,ruc.'rerrirrr no qropMyre (23)
c,'leayer 6pari, s dropu,v.rax (22) ranric 3Ha,renur xoop4nIlar l|o
nrcco! drvrrKrluu 13, nprr rioropur Nr lrecr ror )Kc aHrl{, qro n Cj0,
9To Iaer Bo3rioxfiocrr, or6poc rb |cptsHe rpu flapbr nor,vrrr,HHLlx
(oop:llr ar r{aI( ucyloBircrtoprrolllte 3ro}1y yc.!oBxio, 3Ha,jnr xo-
opAhHarbr,-norrocoE c.4repx.rccKoii {irvHlrqxn rfe.fLcro nopr:rxa fi
oKf ano.lr Jerrrllr }1rcjol. c,qerlyror4uc aIlarlclr'lr:

I 5s'37'.8 236.25..11

2 1,13.31"8 295"25',8
3 108.0d,4 201"1.1,,1

OTtterxM, ,rro noopruHa,fbr nonrocoB oK,rano,qr lJ cro \roiteH,f
0t,Iqnc,rtJxcL a oclotsar lti crot{coBblt noc,rorIlltbrx 3err.,ru rpcrse-
ao noprjll{3, rroe'forry onu rBrrtorcfi xalati,reprlcl.l{l(itr t rIaRuTa-
l(noHrroro norenrtra.!a 3cr.r1tr l/j.

5. O6br.riro nolepxnocrnyro cOef qecKyn OyliI{Ilnro y"(0, L)
rrPIlHrTo rpeaclxrr,(flrL ! Bnrlc cvt\rrlr)I 3orraJrrrfrr,tx, rccccpanbrrbrx
tl cel{Top a.lbrbrx raDvosxft r\ B cnvltur(olloii rcoAe3un npn orpe-

^orcHru 
naparrerpon rpanrr'raul'rolrroro lo",rq 3c\rn C"," rr S"-

orlo"rbr o ts i r.. ror ror .,.r., r(o.oFr ''',rrr. C u. ,oo.".r-
('!Tl|vrntu tp J, !16. l\t,torl.t ,, nJ ^ . i-f/rf to. / i tlF,1J to . r
30rra,'rLfibre (Teccepa"rblrbre fi ce(Topxa,rr,HLic) fapMoHtnn, 06Ic'
,l()Lien bre orlrrrrncM nJaHerr,r or re"la upaxrelllrfl. B cnq:lr c rrIN{
ItcJrccgo6pa3Ho pacc\io'rp€rrxe o(TaIloJreii 3eNr.iIr, coorBerc'fr!yro
ulllx oTAcnbrro (axAoNrv !13 3Ttx c.rl\,qacB.

t,0



l\aK r.rsBecTHo, aJrrr nro6ofi sona!,rbHofi rapMoHlr({ ee/? oce,coBraAaror c ocblo z, cosMeuleliHofi c ocbro Bpau{eHfi, 3eulu, no_gTovy I,rq rorla,lbHot rapvoq/( TpFlbero roprnKa uorfito cxr.3arb, qro ee TpH FonOcl Ic y.tntOrt roro. ,,, mbv*nr.M.-o*, OOr-
)KeH 6br,r.6 flo,loxfi Te,]bHbtM) uMercT cneayl()ul{e KoopArrHarBr:

a ee MoMeHT paBeH

npnqeM

[wt oxranoia
/"(o, l), 6unn

Ar:t9z:0'; rla: lB0',

,4rl3o') : 0,2652S. 1O3o

Ma=4M'i'') (24)

3eMn , coorBercrBytollero He3oHaJrlHou qacrH
ro,'ryqeHbr c,,ieayroll{rie fl apa[lerpbr:

x,or"
l 59"49.,7 298'58.,2
2 t42"58"7 290.32"0
3 95q45"4 195"43',3

,i,r"e3ot _0,0492 0.' ir€ ""r ,,

(oTopbre orreib 6"'rngxn x suaqennsN odtqero o(Tano,!r," a

MtE&n)- M3' ' (25)
I,I3 paccMorpeHr.lrr ua6opa HopMnpoBaHr.rbrx cro!(coBbrx nocrorlt-

Hbrx JeM!' t c,'reayer, q1.o Bce oHu nplrMepHo oaHofo r,r Toro )te no-praxa u Bbr,qerr,rTb npoo6naAarou{ee B,,rurHue Kar(I'Ix,],ru60 Il3 r{r'rxa or4crorro.rH flq ,a) e rp) tt6. 3afpyrrrrreJrbHo. cprDtreH e ,(eHaM rbtx o(tanoJc4 Jorn , cootBelc. ayloullt\ 30HanbHo; / He-
3oraJlL oi qacr.ln /.. roeopur o roM. qr6 nhralro, 3eM,rq o6tcnoBr.n I Jrz BHr,rM 06la3ov reccopa"rbHLr "r, rr .e,{ropna,, oHs,v y ilapalrerpaNn rpaBura_ufiornoro noJrr, nogToNry tr norerrquan 3eMrjrkrpclbcfo flopr4(a l3 o6)rrnBteH B cO.tLrtOi Mppc Hclora,lbHoitrlacrhro cQeprqect{oii OyHI{unH yr,

Ll .ROe BpCVt 601"rXOit HCO)J(q,4aHHOCfbto 6blro nonvqi H te oT_
HOfi1|CrbqO 60tbuJoto.Ha,rpH fl LaDavelpa Cao, Bbt3bBarculero B
feo^{eTpHUeCr(OI QfiryDe feoxnr acryrrerprJro .lo oTHoue to fi
5xBa1Opy, peoona4aH e HelotJalrbHoii qactH y3 Haa Jo.tznLHOi
cBirAereJlbcTByer o 3HaquTe", ,Holi acfil,IMeTpj.llt 3eM",I[ Takxe !l B
a0JIroTHot{ oTHOlfeHttIt,

6. B ..rax,rtoqenlo otvelfiM. qro paccuaTpHBaevaq B pa6ote
MefoaqKa 6H"1a tprMF'teHa Ia(/{F nrt HaxoxAelltrc xoopa4lla,f
nonrocoB (BaAplnoJrr 3eMnx ri ero uouefira M2. B pesynrrare
rrv{ Bbrtr .reHHii no!'rvqe'lbr crctlytolu e napaMeTpbt vyrbrunon,
JeMrIr BTOpOTO nOprAXa:

I
1 4e37"5 163"13"3
2 175.22t,5 16313.,3.

M2-17,5.102t kscee-2
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9Tfi xapaxrep cr!I(ll norHocrblo cotsuara]or co gHaqeHfirIrrfi
hooprqHar onioLoB_' MoMeHto!{ ,142 rBarpl ronp. 0-t .h.neH tbt\tx
a lJl llo verorly n. n. Jl\{o0a. ()r a^o ut cpas.tel,1'l Bbtq,{c"rc qii,
aH..olrrerrlLtx u J3l, r 1r"." l\{ox u np!lnrn x BbtBoa} o 60nburoilqc"lecuol,p2rllocrx cnoilh oBadro fx!ehqeMoi ltploqudH.
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O HAXOXAEH14H TIOJIIOCOB COEPI4IIECKHX OYHKI{IIX

kr o,rr -on: rrrr" lvaK.B.1 tuBa L,euct,rLne txo .d , lJr. p.yu\
Qi'HiJqnii [8] B Marenar!1r{e, HanpirMep Il-3], rfnsuxe l8l, ieoQu:u-
xe L5l, a B noc.,rcqHce BpeMr r B reoAeer.rx 14,6.71 llpeAno"raraer
3nanre roJrlocon 3rfix iFyHKqul't. I,I3BecfHbr aBa MeToaa Haxoxae-
Hh.r I on ocnr: . r oco6 r-,1,1"8-r la ql. (.v frKxp tt. 3l) .no.o6
J_\roBr l.'l Llocr.D ri ofno60Bb I 6 nra(,,l'...oI\ l ro..at ,rx
lb.41, rro.,r..vofp, ra nfo, ory.Bocii .JIr. tIq..toti oc,oBr., o.t
TpyIoe.o'{ n Bbi. ntr\ |plo I I.tp te.tl ,r ,>3, oqe8f! o,6)t r ,rF a qo.ra.bH, ! , xn pr n0o"ul.H.r K lllBll. ar oco6L.r.Be.rp: rK)l(o p,6)-r 06r pI"rx B ,r cner ri, o ."ro orl
nprBoAnr n eAofloo6pa3Hoil ocnoRHoit npoueAype (tlMeHHo, K pe-
lxerrnro a,,]re6pau.rec(ux ypaBHerruli, xorr u BLrco(nx crellcHeli),
3a (qelero nor y.(a r ,+f h,.Br ir! li d. j.. r ro Ir JUBM.
uP. qo Hairoc -c| .a!e1h/.lB"1ta-. 

^.tzn 
.aL r II!to^|. o -

peAere ufl norrocoB Lr Mo\{ouroB coepfi'tec(xx QyHKquii, ocHoBan-
Hoil- |l i IcopeMe Crl.]lbuecrpa [3,9].
, PJ..\rorprv oruLvto c,bFp uecKvto dry,KUHo l?-to no!r4^1
{,,? - Lleroc, n>{JJ

x (C,- cos m). + S,,u sln nt).) Pf (), (l)r" ($, ,\) - c,o P, (/) +

el


